Cadherins are a rapidly growing family of calcium-dependent morphoregulatory proteins. Members of three subsets of this family-classical cadherins, desmocollins, and desmogleins-are the transmembrane components of adherens junctions and desmosomes, respectively, the major structures responsible for cellcell adhesion and cytoskeletal-membrane attachment (1, 2) . Several other types of cadherin have recently been discovered, such as the protocadherins and the products of the Drosophila genes Fat and Dachsous (3, 4) . These proteins are less well defined in terms of their cellular location and function, but in some cases are known to profoundly affect cellular differentiation and display tumor suppressor properties.
The most completely studied proteins within this family are the classical cadherins, such as E-and N-cadherin. These proteins, in addition to maintaining the coherence of adult tissues through their role in adherens junctions, are important during development (5-7). They display intricate temporal and spatial patterns of expression during early embryogenesis and mediate cellular recognition events through highly specific homophilic interactions (1) . A number of experiments have shown that the expression of classical cadherins dramatically alters the morphology and behavior of cultured cells (8, 9) . How cadherins evoke such changes has been the holy grail of the field during the last decade.
Early studies defined a crucial role for the highly conserved carboxyl termini of classical cadherins in eliciting cellular responses to engagement of their ectodomains. Expression of E-cadherin in L-cell fibroblasts, which are normally bipolar and nonadherent, causes them to adopt an epithelial appearance and to adhere tightly to one another, forming colonies (8) . These changes are accompanied by an association of the cadherin molecules with the filamentous cytoskeleton and a reorganization and "polarization"of the subcortical cytoskeleton and several transmembrane components (10, 11) . In contrast, cadherins deleted in their carboxyl-terminal region reach the cell surface and can bind soluble cadherin molecules but fail to associate with or polarize the subcortical and filamentous cytoskeleton and are unable to sustain adhesion between neighboring cells (12, 13) . This carboxyl-terminal region is required for the association of classical cadherins with three proteins, a-catenin, P-catenin, and plakoglobin (y-catenin) (14, 15) .
On the basis of the experiments described above, catenins and plakoglobin have been hypothesized to facilitate classical cadherin function, either by tethering these transmembrane molecules to the cytoskeleton thereby clustering them into junctional sites of high adhesive affinity and/or by relaying cadherin-contact-mediated signals (14, 15 (18, (21) (22) (23) (24) (25) (26) (27) (28) (24, 25) . (-Catenin is found separately in complexes with E-cadherin and with APC protein (12, 27, 28) . Plakoglobin has been found in mutually exclusive membrane-bound complexes with E-and N-cadherin, desmoglein, and desmocollin, as well as in cytosolic complexesboth as a homodimer and as a heterodimer with APC protein (20, 22, 29, (34) (35) (36) . A growing body of evidence is compatible with the notion that at least some of these interactions occur competitively (37, 38) . For example, Walter Birchmeier and colleagues (29) have shown that E-cadherin and APC bind to an overlapping set ofthe central repeats of (-catenin and plakoglobin and compete with each other for these interactions. This result raises the interesting possibility that factors such as cell adhesion that stabilize one set of interactions may produce a pleiotypic cellular response by producing concomitant changes in all other interactions mediated by these proteins. Given the known roles of E-cadherin in cell adhesion and of the connection between defective APC and the hyperplasia seen in colonic polyp formation, it is easy to imagine models in which this type of mechanism could coordinate cell adhesion and contact-induced inhibition of growth.
3-Catenin and plakoglobin may be seen then as key players in a number of cellular processes by virtue of being bridging molecules between several other proteins and the cytoskeleton. Yet whether they play such a passive role has been called into question by their similarity to a number of other proteins. Repeat sequences similar to those found in the center of plakoglobin, ft-catenin, and armadillo, termed "arm" repeats have recently been described in a number of proteins (39) . These include APC; another desmosomal plaque protein called band six (40) ; p120, a putative transformation-sensitive substrate of Src protein, which also colocalizes to a subset of adherens junctions; SRP1, a suppressor ofRNA polymerase 1 mutations in yeast; and smgGDS, a nucleotide-exchange factor. While stating that the functional significance ofthese sequence similarities is not clear, these authors nevertheless raise the interesting point that smgGDS protein is composed entirely of repeats which must therefore be responsible for the nucleotide-exchange finction of this protein (39) . This hypothesis is particularly intriguing given the role of G proteins in regulating the assembly and stability of other cell-cell junctions and the recent finding of an isoform of a-catenin with a region of homology to proteins known to activate GTPases (41 (34) . Therefore, it is likely that the observed dominant negative effect of overexpression of the desmoglein cytoplasmic region was due to competitive depletion of the cellular pool of plakoglobin, an event predicted to affect the formation of both desmosomes and adherens junctions. A similar ablation of cell adhesion was reported by Kintner (44) in response to overexpression ofthe cytoplasmic region of N-cadherin. In these studies depletion of a-catenin was observed; however, it is likely that the primary defect was depletion of (3-catenin/plakoglobin, which -in the case of the latter would again affect both desmosome and adherens junction formation.
In contrast to their findings with the desmoglein cytoplasmic domain, Franke and colleagues (42) observed that expression of similar constructs containing the small desmocollin cytoplasmic domain had no effect on junction formation, whereas those containing the large cytoplasmic domain promoted plaque formation and intermediate filament association with the membrane. Paradoxically, this result suggests that "information" which stimulates the assembly of a specific desmosomal plaque and intermediate filament structure, is contained in a region of desmocollin that resembles the catenin binding domain (48) have recently suggested that cell adhesion proteins may cocluster with other proteins designed for this purpose, such as fibroblast growth factor (FGF) receptor. Short stretches ofcadherin-like sequence that could potentially facilitate coclustering are present in the ectodomain of a number of tyrosine kinases, such as the protooncogene RET and the FGF receptor, as well as in the cytoplasmic region of the phosphatase PTPu (49) (50) (51) . Coclustering with FGF receptor seems an attractive possibility, as several cell adhesion proteins and FGF appear to activate a common second messenger pathway in primary neurons (48) . FGF receptor shares a region of sequence found in the first extracellular repeat of classical cadherins commonly referred to as the HAV motif. Sequences surrounding this motif in FGF receptor have been shown by deletion analysis to be crucial for its function (50) . Intriguingly, a similar sequence is found in influenza strain A hemagglutinins, where it appears to facilitate trimerization of these proteins (52) .
In summary, exploration of the interactions ofthe cytoplasmic components of cell junctions has revealed that they are engaged in a complex dialogue that governs many aspects of a cell's overall response to its neighbors. Deciphering the regulatory interplay of these proteins in their various membrane-bound and cytosolic interactions promises to continue as an exciting area of research.
Note Added In Proof. Kemler and colleagues (53) have shown that the central core region of P-catenin mediates the interaction of the cadherin-catenin complex with epidermal growth factor receptor.
